Objective: To develop and assess the reproducibility of a quantitative food frequency questionnaire (QFFQ) sensitive to the culture of the African population of the North West Province, South Africa. Design: A cross-sectional study. Setting: A community-based ®eld study in a population strati®ed according to level of urbanization from deep rural to urban upper class. Subjects: A total of 144 (99 women and 45 men) residents of the North West Province, aged between 15 and 65 years, participated in the study. Methods: A culture-sensitive, 145-item interviewer-administered QFFQ was designed to cover the whole diet. Portion sizes were estimated from a food portion photograph book (FPPB) showing foods in three portion sizes. The QFFQ was administered twice, 6±12 weeks apart. Results: Spearman rank correlation coef®cients between the two administrations varied from 0.14 for calcium to 0.75 for alcohol. The mean percentage difference between intakes was 8.5 (standard deviation = 9.9). Energy, protein, carbohydrate and calcium gave differences within 10%. Few signi®cant differences among correlation coef®cients or percentage difference for gender, age group or strata of urbanization were present. Bland±Altman plots showed signi®cant proportional bias for protein, ®bre and vitamin C. More than 70% of the participants were classi®ed into adjacent quintiles for all nutrients. For food groups, correlation coef®cients ranged from 0.25 for milk to 0.45 for vegetable and maize meal groups and 80% of participants were classi®ed into adjacent quintiles. Conclusions: The QFFQ appeared to be a reproducible dietary intake assessment instrument.
Developing countries are experiencing marked demographic changes, characterized by a shift of the population from rural to urban areas 1 . South Africa, as a semideveloped country and as a result of recent political changes, is experiencing a rapid in¯ux of predominantly African people from the relatively underdeveloped rural areas to the developed, industrialized urban areas 2 . The North West Province typi®es this situation, with extremes of af¯uent and underdeveloped populations and a continuum of stages of transition. The Transition, Health and Urbanization in South Africa (THUSA) study was carried out between 1996 and 1998 to document the effect of urbanization on the health status and dietary intakes of the African population of the North West Province of South Africa. This study aimed at identifying differences in dietary intakes and health status parameters among populations at various levels of urbanization.
Food intakes form part of the complex cultural behaviour of individuals, groups and societies 3, 4 . Thus, a dietary assessment tool developed for one population may not be appropriate for use in another. The need for dietary assessment methods sensitive to the culture and food habits of the target population has been highlighted recently by several authors 5±7 . At the time of the THUSA study, no suitable dietary assessment method was available for the study population. Therefore, it was necessary to develop a QFFQ appropriate to the language, culture and food habits of the African population of the North West Province and to test this QFFQ for reproducibility and relative validity.
The purpose of this article is to describe the development and testing of the reproducibility of the culturesensitive QFFQ used in the THUSA study in the North West Province of South Africa.
Subjects and methods
The quantitative food frequency questionnaire In order to develop a culturally sensitive QFFQ, a sound knowledge of the food habits of the study population must be obtained 8 . Thus, a preliminary study using a combination of in-depth individual interviews and focus group discussions including both quantitative and qualitative methods was undertaken. Participants for the preliminary study were selected from ®ve strata representing the levels of urbanization used in the THUSA study: (i) rural dwellers; (ii) farm workers; (iii) informal settlement dwellers; (iv) middle class urban dwellers; and (v) upper class urban dwellers. In total, 32 adult female volunteers from all strata were recruited by convenience and snowball sampling.
In the ®rst phase of the study, semistructured interviews were conducted by a Tswana (the most common language of the North West Province)-speaking interviewer in the participant's home. Information was collected on the procurement, frequency of consumption, preparation and serving methods of common foods. Actual foods, containers and the participant's own utensils were used to aid the description of food preparation methods and portion sizes. All interviews were tape recorded (with the participant's permission). The tape recordings of the interviews were transcribed and translated into English by an independent translator. This information was coded, the most frequently used foods and recipes identi®ed and food preparation methods compared. For commonly eaten foods, the average amounts of ingredients used in the recipes were calculated. This was done so that the appropriate descriptions were used on the QFFQ and so that local recipes could be added to the food analysis database.
To con®rm the initial data collection, the most frequently mentioned foods were prepared by one of the researchers (UEM) following the descriptions of the participants and the average recipes. These dishes were then presented to focus groups of the participants in each area. The same interviewer who had conducted the ®rst interviews acted as the facilitator and the discussions were recorded. Participants discussed the appearance, taste and other characteristics of the dishes, came to an agreement on the ingredients and preparation methods and identi®ed the most commonly consumed foods and drinks in their area. Participants were also asked to demonstrate typical serving sizes of the various foods. These portions were weighed on a scale (EKS, France) and the average weights used to determine the portion sizes for the QFFQ.
Using the results of the preliminary study with existing information on dietary intakes from similar population groups 9±12 , a QFFQ was designed. This was given to ®ve nutritionists, familiar with the food habits of the target population for comment. After improvement, the QFFQ was translated into Tswana by a professional translator and pretested on 10 Tswana speakers for completeness, understandability and appropriateness.
The ®nal QFFQ consisted of 145 food items. Foods were grouped together from the most frequently consumed staple foods (maize) to those foods consumed in small amounts, infrequently (snacks, cakes and sweets). Columns were provided for the amount eaten and the frequency of consumption (number of times per day, per week, per month or seldom).
As an aid for portion size estimation, FPPB was developed using the data obtained in the preliminary study. The FPPB comprised near life-size colour photographs of 37 foods, in three or four portion sizes and photographs of utensils. The development and testing of the FPPB have been described elsewhere 13 .
The reproducibility study The ®rst QFFQ interview took place during the data collection of the main THUSA study. Respondents were interviewed by trained ®eldworkers in their own language. Respondents estimated portion sizes by indicating the food portion photograph closest in appearance to his or her usual serving size. Besides the FPPB, containers, plates and utensils were used to help participants describe their food intakes.
Volunteers from each stratum of urbanization were recruited for the reproducibility study after the completion of the dietary intake interview. Return visits took place between 6 and 12 weeks after the ®rst interview. Respondents were interviewed using the same procedures as described for the initial interview. A question was added to ascertain if the respondent's circumstances had changed since the ®rst interview. Respondents were randomly assigned to ®eldworkers on both the ®rst and repeat interviews. Thus, respondents were not necessarily interviewed by the same ®eldworker on both occasions.
The study was approved by the Ethical Committee of the Potchefstroom University for Christian Higher Education. Written informed consent was obtained from all respondents.
Statistical analyses
Dietary data were analysed using the Food Finder dietary analysis program 14 . Reproducibility was tested for energy, protein, fat, carbohydrate, ®bre, calcium, iron and vitamins A and C. All food groups as used in the QFFQ were tested for reproducibility, but only results of the milk, meat, fruit, vegetable, maize meal, bread, fat and sugar groups are reported here.
For both nutrients and food groups, Spearman rank correlation coef®cients were calculated, differences between mean intakes were tested by the t-test for paired samples and the correlation of the mean of the two administrations of the QFFQ against the difference of the two QFFQs were described by Bland±Altman plots 15, 16 . Statistica software 17 was used for all analyses with the signi®cance level set at 5%. In addition, the distributions of the intakes reported from the two administrations of the QFFQ were divided into quintiles and the number of respondents falling into the same or adjacent quintile on each administration was calculated.
The cut-off points for the quintile distributions were calculated for each administration separately.
Results
The sample for the reproducibility study comprised 144 respondents (99 females and 45 males). Of the total, 24% (34) of the respondents were from the rural stratum, 14% (20) from the farm workers' stratum and 20% (28), 22% (32) and 21% (30) from the informal settlement, urban middle class and urban upper class strata, respectively. The proportions of respondents from the strata of urbanization, gender (31% males and 69% females) and age groups (50% between 15 and 34.9 years of age) did not differ signi®cantly from those of the main THUSA study (P . 0.05). The mean time between the ®rst and second administrations of the QFFQ was 58 (627) days. Table 1 shows the Spearman rank correlation coef®cients and 95% con®dence intervals (CI) for the nutrients tested. The strongest correlation was for alcohol (0.75) while the weakest and non-signi®cant correlation was for calcium (0.14). The remaining coef®cients varied between 0.2 and 0.4. There were few signi®cant differences among correlation coef®cients within the various subgroups (age, gender and urbanization). Although the correlation coef®cients obtained for the males tended to be lower than those for the females, the differences were not statistically signi®cant.
Nutrient intake
Regarding urbanization, the correlation coef®cient for alcohol was consistently higher than those obtained for any of the other nutrients tested. With the exceptions of energy, alcohol and ®bre, correlation coef®cients tended to be lowest for the farm workers' stratum. Signi®cant differences, however, occurred only between the farm workers' stratum and both the rural and the middle class urban strata for calcium (P , 0.01). There were no signi®-cant differences in correlation coef®cients among age groups for any of the nutrients tested (P . 0.05).
To test the reproducibility of the QFFQ on a group basis, mean reported intakes for energy and the nutrients tested were compared for the entire sample (Table 2) , gender, urbanization and age groups (data not shown). For the entire sample, the mean reported intakes of the second administration of the QFFQ were higher than for the ®rst, with the exceptions of carbohydrate and alcohol. * 1, ®rst administration of the QFFQ; 2, second administration of the QFFQ. ² Difference = mean of second -mean of ®rst administration of QFFQ; % mean difference = (mean QFFQ2 -mean QFFQ1)/(QFFQ1 QFFQ2/2) * 100.
Differences were not signi®cant (P . 0.05) for six of the nutrients tested.
The differences expressed as a percentage of the mean of the two administrations of the QFFQ give a clearer indication of the agreement between the results. A difference within 10% is considered a good agreement 18 . The mean percentage difference for the entire sample was 8.5 6 9.9% with energy, protein, carbohydrate and calcium showing differences within 10%. There appeared to be less agreement among the males, with a mean percentage difference of 13.0 6 13.7% which was signi®cantly higher than the mean percentage difference for the females (8.0 6 6.7%) (P , 0.05).
When the differences in mean intakes between strata were compared by the Kruskal±Wallace test, only the differences for intakes of vitamins A and C were statistically signi®cant between the rural and upper class strata and for vitamin C for the farm and informal settlement strata (P , 0.05). Likewise, there were no signi®cant differences among age groups for any of the differences between mean nutrient intakes reported from the ®rst and the second administrations (P . 0.05).
Bland±Altman plots (Figs 1 and 2) show the relationship between the difference between the two administrations of the QFFQ and the mean of the two administrations. It is assumed that differences within two standard deviations of the mean difference are in agreement, provided that these differences are not physiologically important 15 . A second aspect of Bland±Altman plots is to show the relationship between the size of the difference and the mean intake of the two administrations of the QFFQ. If proportional bias is present (as the mean intake becomes larger, so does the difference in one direction) the Spearman rank correlation coef®cient between the mean intakes and the difference between intakes will be signi®cant 15 . The most desirable state is no proportional bias, narrow limits of agreement and no or very few observations lying outside the limits of agreement 15, 16 . As can be seen from Table 3 , signi®cant proportional bias was present for protein, ®bre and vitamin C, while there was good agreement for energy, protein, carbohydrate, fat, calcium and vitamin C. To illustrate the differences in patterns of agreement, the plots for energy (Fig. 1 ) and vitamin C (Fig. 2) are shown.
The cumulative percentages of respondents falling into quintiles of the distribution are given in Table 4 . The distributions of vitamin C and alcohol were the most similar on both occasions with 84% and 75%, respectively, of the sample being classi®ed into the same quintile. The distribution of energy showed the least agreement between administrations with only 22% of the sample being classi®ed into the same quintile and 48% into adjacent quintiles.
Food intake
Comparisons of food intakes obtained on the two interviews showed whether respondents reported food intakes consistently. Table 5 shows the results of the Spearman rank correlation analyses. All correlation coef®cients between the two administrations of the QFFQ were statistically signi®cant. The correlation coef®cients for males for two food groups (meat and maize meal) were signi®cantly higher than those for the females (P , 0.05).
Mean reported intakes were lower on the ®rst administration of the QFFQ for meat, fruit and vegetables. The reproducibility of the QFFQ appeared to be no different for males and females as no signi®cant differences were found among the mean differences of any of the food groups (P . 0.05). The Bland±Altman plot for maize meal is presented in Fig. 3 . There is a signi®cant negative correlation between the difference and mean of the intakes (r = -0.35; 95%CI 0.2±0.48). By contrast, the Bland±Altman plot for sugar (Fig. 4) shows no bias in the relationship between reported intake and differences between administrations.
For all food groups, more than 80% of respondents were classi®ed into the same or adjacent quintiles. There were no signi®cant differences between the proportions of males and females classi®ed into similar quintiles for any of the food groups (P . 0.05).
Discussion

Reproducibility for nutrients
The range of correlation coef®cients (0.14±0.75) ( Table 1) obtained in the present study is lower than those reported by other studies with similar intervals (2±4 months) between administrations
19±21
. The range of correlation coef®cients obtained in the present study was closest to those obtained for multiethnic youths (0.26±0.58) 22 , Latino mothers (0.49±0.60) 23 and black males and females (0.26±0.58) 24 . Although lower, the correlation coef®cients in the present study show similar trends to those reported by other researchers. The most noticeable similarity is that the highest coef®cient was for alcohol (0.75) as has been reported in several other studies 18, 19, 25 . Munger et al. 26 have suggested that nutrient intakes derived from only a few foods, such as alcohol, may be less variable and easier for respondents to recall use or abstentions.
As for the differences between the mean reported intakes of the two administrations of the QFFQ (Table 2) , only four of the 10 variables tested were signi®cant. Other differences were small, as has been found by other . With the exceptions of carbohydrate and alcohol, the mean reported intakes obtained from the second administration were higher than those obtained from the ®rst. This is similar to the trend reported by Ma Ènnisto È et al. 21 but differs from several other studies which reported higher mean intakes on the ®rst than on the second measurement 18, 22, 24, 26 . A factor which is shown by the Bland±Altman method and not by the other analyses is that of proportional bias in the reproducibility of protein, ®bre and vitamin C. These nutrients also showed the largest percentage differences between ®rst and second measurements. This suggests that the extent of reproducibility may be in¯uenced by the level of intake, that is, reporting of low intakes may be more reliable than that of high intakes.
The ®nal test of reproducibility was to assess whether the QFFQ was able to place a respondent into the same subgroup of intake on both administrations. Given ®ve quintiles of a distribution, the expected percentages of respondents placed in the same, in the same or within one quintile, or in greater than one quintile by chance alone are 20%, 52% and 48%, respectively 27 . The measurement of energy showed the least ability to classify respondents into the same quintile, with only slightly more respondents than would be expected by chance being placed in the same category (Table 4) . For the other nutrients, agreement in the same quintile was higher (mean = 46 6 19%). The percentage of respondents classi®ed within one quintile was considerably higher than would be expected by chance, indicating relatively good agreement. The highest level of agreement was for vitamin C (97% within one quintile). This ®nding may explain why vitamin C showed a relatively good correlation coef®cient (0.38) but the highest percentage difference between measurements (22%). The second interviews were conducted during the citrus season (May±June) when oranges were plentiful in the North West Province. Thus, the entire distribution of vitamin C intake was shifted upwards, resulting in large differences in intakes, but few differences in the ranking of individuals within the distribution.
Comparison of reproducibility measures between subgroups showed few differences. The correlation coef®-cients for females were slightly higher (but not signi®cantly) than for males (data not shown) while the mean percentage difference for females (8.0 6 6.7%) was lower than that of the males (13.0 6 3.7%) (P , 0.05). There was no difference in the quintile distribution between genders. Some studies comparing reproducibility of males and females have shown no differences 28 or slightly better reproducibility among males than among females 24 . An important ®nding in the light of the aims of the THUSA study, that is, the comparison of the effects of urbanization, was that reproducibility was similar across all strata.
Reproducibility of food groups
According to the Spearman rank correlation coef®cients, the meat group showed the highest level of reproducibility (R = 0.57, Table 5 ). This correlation coef®cient is comparable to the coef®cients obtained for meat products in several studies 21, 27, 28 . The correlation coef®cient obtained for vegetables (0.45) was lower than the coef®cients reported by Ma Ènnisto È et al. 21 and Elmsta Êhl et al.
27
, but similar to the ranges reported by Ajani et al. 29 and Riboli et al.
30
. Maize meal showed a reproducibility correlation coef®cient (0.45) which was higher than coef®cients obtained for rice, samp, bread and other cereals (0.26± 0.33) (data not shown). Riboli and co-workers 30 reported a similar range of reproducibility coef®cients for cereals for their long-term study (0.32±0.42) and slightly higher values over the short term (0.54±0.58).
The Bland±Altman plots explain some of the apparently contradictory results obtained using correlation coef®-cients and differences between means. The plot for maize meal (Fig. 3) shows a signi®cant, negative correlation, suggesting that, at high intake levels, the ®rst administration of the QFFQ produced higher values than the second. Nevertheless, 95% of the respondents fell within the limits of agreement. Taken together, these results could indicate satisfactory reproducibility of maize meal at low and moderate intakes, but a lessening of agreement at high intake levels.
From the quintile distribution, it seems that the QFFQ was better able to classify respondents into the same category of food group intake on both administrations than it was to classify respondents into the same intake category of nutrients. The percentages of respondents classi®ed into the same quintile of distribution on both administrations (data not shown) were approximately double the percentages obtained for nutrients ( Table 4) . The cumulative percentage of respondents within one quintile, however, was similar for both nutrients and food groups.
It is dif®cult to know whether better reproducibility would have been obtained had the same ®eldworker conducted the interviews on both occasions. Smith and colleagues 31 found little difference in reproducibility coef®cients when interviews were conducted by the same or different interviewers. Administration by a different ®eldworker on the second administration may have advantages. Teufel 32 has suggested that administration by a different interviewer may reduce the respondent's need to recall earlier responses by removing the feeling of being checked by the same ®eldworker. Also, using different ®eldworkers gives an indication of the effectiveness of the QFFQ when administered by an unfamiliar interviewer 32 . It is unlikely that eating patterns would have changed meaningfully during the relatively short interval between administrations. As already pointed out, seasonal changes could have resulted in the higher intakes of oranges and thus of vitamin C. Although the respondents were asked whether any of their circumstances had changed during the intervening period, none answered in the af®rmative. Ajani and co-workers 29 , who obtained a similar result, suggested that there may have been changes in eating patterns, but these may have been subtle and not noticed or thought important by the respondents.
In agreement with other studies 18,22±24 , the level of reproducibility varied between nutrients and food groups. Several authors have suggested that frequently consumed foods have better reproducibility than other foods 21, 29 . Pietinen et al. 33 found that reproducibility was generally best for foods eaten infrequently and for foods eaten daily. When all the analyses were taken together, the reproducibility of maize meal intake, the staple food of the population, appeared to be satisfactory. Foods consumed irregularly such as the miscellaneous cereal group, samp and legumes showed relatively low reproducibility. The fact that reproducibility is related to the frequency of consumption of foods is important when comparing results from different populations. A frequently consumed food with good reproducibility in one study may give poor results in another population where it is consumed irregularly.
The important question to be addressed is whether the poor reproducibility of the QFFQ was a result of it not being appropriate to the study population. Teufel 32 has suggested the following criteria for the design of a culturesensitive dietary intake assessment method: (i) development of speci®c culturally speci®c food lists and groups; (ii) creation of a culture-speci®c database; (iii) de®nition of culturally appropriate serving sizes; and (iv) comprehensive assessment of the instrument. We believe that the preliminary study and the development of the QFFQ came close to meeting these criteria. Possibly, another method of data collection such as participant observation could have given more representative information. This, however, would have required trained observers, a long study period and ®nancial support, all of which were beyond the resources available for our study. More appropriate food groups may have been achieved by asking the focus groups to group foods from their own perspectives, as suggested by Teufel 32 . A culture-speci®c database was achieved by using the database developed for use in South Africa 14 and by adding recipes and local foods to this. Culturally appropriate serving sizes were obtained from both the individual interviews and focus group discussions.
Reproducibility based on the Spearman rank correlation coef®cients was poor, especially when compared with other published results. Satisfactory reproducibility, however, is also re¯ected by small differences between the means of each measurement, little proportional bias and a high percentage of respondents classi®ed into adjacant quintiles on both administrations. Thus, alcohol and vitamin A intakes performed well on all measures. For energy and the other nutrients, reproducibility was satisfactory on at least two of the analyses. From the viewpoint of using the QFFQ to compare dietary intakes across urbanization, age and gender, it was reassuring that reproducibility was consistent across all subgroups.
Our results have shown that to assess the reproducibility of a QFFQ, several statistical methods need to be applied to the data. Also, despite very careful preparation and implementation of the QFFQ, reproducibility appeared relatively low. Much research is still needed into obtaining reliable dietary intake data in developing populations.
Nutrition researchers in such populations should ask themselves whether dietary assessment methods such as food frequency questionnaires are appropriate or whether new ways of dietary assessment more sensitive to the culture and lifestyles of the populations should be explored.
